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ABSTRACT
An apparatus has been constructed which incorporates the use of
flowmeters, micrometer valves, and assorted tubing to perform gravity
controlled pAg double-jet precipitations. This unique system controls
the pAg concentration by adjusting the flow rate of the halide solution.
The pAg concentration is continually monitored by the millivolt output
produced from a specific ion electrode for Bromide and a Calomel
reference electrode. A Scanning Electron Microscope study was performed
to determine whether this apparatus is capable of obtaining the same
results as others, in terms of crystal size and shape, when varying pAg
concentrations and precipitation time in a factorial experiment.
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The process of precipitating silver halide for use in photographic
emulsions is extremely complex. The method of preparation that has
been longest known and is still widely used is known as the single-jet
method. This technique is to add silver nitrate to a stirred vessel
containing an aqueous solution of halide salts and gelatin.
The addition of the silver nitrate causes a high degree of super -
1
saturation of the very insoluble silver halide, and nucleation occurs.
In this type of single-jet emulsion making, very rapid mixing of the
halide and the silver solution produces a large number of small
crystals, and the longer the solution of silver is added, the larger
the grains will grow.
If these small grains are produced early, and are permitted to
grow, the excess halide being the ripening agent, will then act as a
2
nuclei for the silver halide, formed later, to grow upon.
In double-jet precipitations of silver halide crystals, in which
silver and halide solutions are simultaneously added to an aqueous
gelatin solution, observable nucleation occurs only at the very early
stages of precipitation, about one minute. The number of stable
nuclei quickly reaches a constant value, and further addition of
3
reactants causes only growth of these stable nuclei.
Klein and Moisar gave the following equation for the final number
of stable nuclei per unit suspension volume Z, found during the




unit suspension volume, Rg is the gas constant, T is the absolute
temperature, y is the surface energy, D is the diffusion coefficient,
4
Vm is the molar volume, and Cs is the solubility of the precipitate.
The double-jet method gives a more even grain size distribution
at the end of the emulsification. Longer precipitation time still gives
a very similar opportunity for those crystals formed in the earliest
stages to grow. These crystals act as nuclei for halide precipitated
in the later stages. The concentrations of ripening agents remains
fixed throughout the entire precipitation. This is because no initial
large excess is present to cause more rapid growth at the beginning of
5
the process.
For the double-jet process, equal concentrations of both silver
and halide solution are simultaneously introduced to a stirred aqueous
6 7
gelatin solution. Berry and Skillman and Berriman found from a study
of crystal size versus time, that nucleation is over very rapidly,
perhaps as fast as 60 seconds. After this, just growth occurs,
resulting in a monodispersed cubic or octahedral shaped silver halide
8
crystal .
The shapes and sizes of silver bromide microcrystals and their
rates of growth are determined largely by the rates of certain surface
reactions, and by the diffusion processes in the solution surrounding
9
the crystals. When solutions are added to a system in the manner of
a double-jet addition, the growth of crystals will be found to consist
10
of well formed cubes having good sharp corners and good monodispersity.
The influence of pAg on a precipitation process is extremely
important. By controlling the precipitation process and the pAg
concentration, monodispersed silver bromide crystals can be obtained.
When the pAg concentration is high enough to produce stable CHI) faces,
regular octahedra are formed, along with triangular crystals which are
sigly twinned on the CHI) plane and some tabular crystals which are
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doubly twinned. (See Figure 1)
Further growth of these initial octahedra by pAg controlled
double-jet precipitation in an environment containing Ag and
Br~
ions
at nearly equal concentrations lead to regular cubes. Increasing Br
excess during precipitation will result in the occurrence of
tetra-
decahedra crystals, with different ratios of (100) and CHI) faces,
12
and finally in the occurrence of regular octahedra. (See Figure 2)
External appearances of silver bromide crystals may be quite
varied. This is primarily because of twinned structures, whose surfaces
13
are apparently bounded by only C200) or (HI) planes. Rounded sur
faces are not an entirely separate type, but must be considered as
14
stepped (200) or CHI) surfaces.
Interest in this project began as a summer student employed by
Polychrome Corporation in Clark, New Jersey. In the laboratory they
had tried to perform double-jet precipitations with controlled pAg
concentrations using two separatory funnels which had
been adjusted to
allow a desired precipitation time. Intrigued by the problems that
arose from this particular set up, an apparatus was needed to more
effectively control the flow rates of solutions. Precipitations also
needed to be reproduced, so that the same type of emulsion could be
prepared time after time.
The most obvious problem was that of repetition. In the previously
described system, flow rates had been adjusted by opening the stopcocks
of the separatory funnels a certain distance. This method was neither
accurate or practical.
By incorporating flowmeters and mirometer valves into this appa
ratus, repeatable results can be obtained without sacrificing the
precipitation techniques. By controlling the pAg concentration of the
emulsion, the size and morthology of the crystals will have a basis to
be controlled, and more importantly, should be easily reproduceable .
The actual technique of preparing double-jet precipitations has
been well known for many years. The primary objective of this project
is to determine whether or not this gravity feed apparatus can be used
as an effective instrument to perform pAg controlled double-jet
precipitations .
Precipitations of Silver Bromide will be made, but without an
initial excess of Potassium Bromide present. This differs from the
15
exact technique used by Berry and Skillman, who made their precipi
tations in the presence of much excess halide.
Structurally perfect cubes should be produced with low enough pAg
concentrations, and octahedra shaped crystals should be observed when
the pAg
concentration is greater than 9.0.
pAg CONCENTRATION
For controlled double-jet precipitations, the rate of solution of
Silver Bromide will be proportional to its concentration,
rate = kj(AgBr) . (2)
The precipitation is similarly equal to:
k2(Ag+)(Br"), (3)
where (Ag ) and (Br~) are the concentrations of the ions in solution,
and k, and k~ are constants.
At equilibrium, the state existing when silver halide and solution
are in contact must be equal, otherwise more silver bromide would
dissolve or be precipitated.
k2(Ag+)(Br") = ki(AgBr) or (4)
(Ag+) (Br") = Tk^ (AgBr) (5)
k2
In the presence of a large excess of solid Silver Bromide, the
very small proportion dissolving will leave the (AgBr) substantially
unchanged, and therefore the entire right side cf equation (5) is a




Centigrade. This is the solubility product for Silver Bromide.
Therefore, if more Bromide-ions are added during the precipitation,
the Silver-ion concentration will decrease, and vice versa. This




= log (Ag ) (6)
MEASUREMENT OF pAg CONCENTRATION
The measurement of pAg concentration of an emulsion is found by
using the emulsion itself as one component of an electrolytic cell.
The potential of this cell at a fixed temperature is given by the
Nernst equation:
E = EQ + 0.06 log10(Ag+), (7)
where E is the potential determined by an accurate voltmeter, and E is
a fixed voltage. E depends on the other half of the electrolytic cell
and is determined by measuring the potential of a known Silver-ion
concentration and plotting a calibration curve.
A servies of Potassium Bromide solutions were prepared including
lmkBr, 10-1mkBr,
10"
mkBr, 10~3mkBr and 10 mkBr. The millivolt output
produced by these solutions was measured by an Orion Research Inc.
Specific Ion Electrode for Bromide, Model 94-35A. This was used along
with a standard Calomel reference electrode.
THEORY OF APPARATUS
The apparatus is based primarily on Archimede's principle, which
states that a body wholly or partially immersed in a fluid is buoyed up
with a force equal to the weight of the fluid displaced by the body.
This force acts vertically up through the center of gravity of the fluid
hefore its displacement. The corresponding body is called the center
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of buoyancy.
The Silver Nitrate and Potassium Bromide solutions will be sus
pended such that the gravitational force exerted by the solutions, will
flow through a variety of different sized tubing, through a micrometer
valve, and through a flowmeter.
The flowmeter consists of a glass tube with a small teflonball
located in the center of the tube. As the solutions flow through the
glass tube, the teflon ball will rise upwards, depending upon how fast
the solution has entered the flowmeter.
The flow rates of both solutions will be adjusted by using a
micrometer valve. This valve is connected between the solution vessels
and the flowmeters. The metering valve allows fine adjustments to be
made to the flow rates of the solutions entering the flowmeters.
After the solutions flow through the flowmeters, they will enter
the gelatin solution. A specific-ion electrode for Bromide and a
Calomel reference electrode will be continuously monitoring the milli
volt output of the precipitation.
It had initially been intended to have a chart recorder con
tinually record the millivolt data. Due to problems obtaining a
workable chart recorder, it was decided to continually read the
millivolt data from the pH meter, and record the data at predetermined
time intervals.
The gelatin solution sits in a water bath with a constant tempera
ture control. The gelatin solution is continuously stirred by a
propellor mixing blade. This provides the rapid agitation required for
double-jet precipitations.
Several design considerations were required before building this
apparatus. The separatory funnels had to be raised at a high enough
height to create the gravitational force needed to achieve maximum
allowable flow rates. The diameter of the tubing had to be as small as
possible to eliminate fluctuations of flow during a precipitation.
This is caused by the surface tension created by the solutions.
Decreasing the diameter size of the tubing will greatly reduce the risk
of air bubbles entering the system.
On the occasion that air bubbles do nter the system, enormous
surface tension from the air bubbles will cause them to attach to the
teflon ball and obstruct the proper flow of the solutions. This can be
seen visually by observing air bubbles attached to the teflon ball. It
is perhaps more dramatic to see the millivolt values rapidly increase or
decrease. To prevent this unwanted occurrence, all joints of the system
were sealed with a silicone glue and wrapped with teflon tape.
SCANNING ELECTRON MICROSCOPE STUDY
Upon obtaining Silver Bromide precipitate from a sample precipi
tation, the first and perhaps the hardest step in the study of silver
halide microcrystals is the specimen preparation.
Berry and Skillman, among others, experienced difficulty in
effectively evaluating crystals for size and shape. The problem that
occurs is that the gelatrin matrix completely envelopes a microcrystal ,
making it next to impossible to determine the precise size and shape of
the crystal .
To solve this problem, an enzymatic hydrolysis technique will be
used, in which the bulk gelatin will be hydrolysed, so that the silver
halide crystals surrounded by the gelatin will become visible. By
treating the precipitate with an enzyme (Trypsin) , the gelatin is broken




Before the final apparatus was built, several design changes were
made. Precipitation times of up to one hour were intended to be used
with this apparatus. Since a volume of 500 milliliters of AgN03 is to
be used for each precipitation:
Volume
=
500 ml AgN03 = 8.33 ml. AgN03/minute (8)
Time 60 minutes
so/
This value represents the maximum precipitation time to be per
formed using the apparatus. A flow rate of 8.33 ml. AgN03/minute is
also the slowest with which the AgN03 will precipitate. The minimum





= 25 ml. AgN03/minute (9)
Time 20 minutes
6 *
Separatory funnels capable of holding 500 ml. of solution will
suspend both the Silver Nitrate and Potassium Bromide solutions high
above the rest of the apparatus.
The flowmeters used for this apparatus were manufactured by
Gilmont Instruments, Inc., Model number F1300. The manufacturer
provides a calibration chart with each flowmeter model. The chart
appears on page 12.
This particular flowmeter was selected because it was capable of
measuring flow rates
from 0 to 290 ml/min. A small flowmeter probably
would have been more accurate in terms of flow rate settings. This
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apparatus however is intended for the eventual scale up of a precipita
tion, for possibly a plant use. This would deal with larger volumes
of solutions, and subsequently would require greater flow rate
capabilities.
In order to set a particular flow rate of a precipitation, for
example, that of a 60 minute precipitation, you look on the y-axis on
the right hand side for the value which comes closest to the 8.33 ml/min.
rate. You will find that the corresponding ball setting value is
approximately 7. This is the number with which the center of the teflon
hall must appear inside the flowmeter tube. The micrometer valve would
adjust the flow rate of the solutions until they have been stabilized
at a ball setting of 7. If now the flow rate was to be maintained over
an hour period, 500 ml. of Silver Nitrate would slowly precipitate at
this desired rate continuously.
These flow rates are adjusted by making use of a micrometer valve.
The valve used is a Hoke milli-mite forged metering valve. This valve
allows extremely fine adjustments to be made to the flow of solutions as
they enter the flowmeter.
Tubing diameter problems were encountered far too often while
huilding this apparatus. This occurred because all the materials
necessary to construct the apparatus are not available with the same
diameters. The tubing that leads from the separatory funnels to the
mtering valves were different diameters. To connect the tubings, a
reducing adapter was used to
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As the tubing leaves the metering valve, yet another sized tubing
diameter was needed so that it would fit inside the bottom teflon stop
of the flowmeter. Once the tubing was inside the bottom teflon stop, it
had to be sealed tightly to prevent leaks and air from entering. Teflon
tape and silicone sealant produced a tight seal.
Tubing with yet another size diameter was needed to go into the
top teflon stop. From here, the tubing goes through another reduction
adapter, and is then connected to a very small (2mm) ID tubing. It is
with this tubing that carries the Silver Nitrate and Potassium Bromide
solutions to the container holding the gelatin solution.
The gelatin solution container is immersed in a water bath whose
temperature is controlled at 120 F. A mixing propellor is attached to
a ring stand and can easily be lowered into the gelatin solution for
continuous agitation.
Once the precipitation is about to take place, the specific ion
electrode for Bromide and the Calomel reference electrode are taped to
the inside of the gelatin vessel. It is important to make sure that the
electrodes will be immersed in solution during the entire precipitation.
The tubes coming from the apparatus are now taped to opposite sides of
the vessel, making sure that they are directed towards the center of the
vessel. This will insure that the propellor will stir the solutions
together so that a proper millivoltage reading may be obtained.
The specific ion electrode and reference electrode are attached to
a Corning Scientific Instruments Model 12 Research
pH Meter. Millivolt
readings are continually monitored by a lab assistant.
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As mentioned previously, it had been intended to hook up a chart
recorder to the pH meter so that a continuous millivolt control may
take place. Unfortunately, a working chart recorder for the millivolt
range and sensitivity required for this experiment were unable to be
acquired .
To compensate for this inconvenience, a ]ab assistant continually
called out millivolt values while the flow rates were adjusted accor
dingly. Actual millivolt values were recorded periodically every 15,




It was intended early in the experimentation process to determine
whether or not a chart recorder would be accurate enough to record
slight changes in millivolt output.
Two 50 ml. burets were placed side by side in a buret holder.
The left side buret contained Silver Nitrate and the right side buret
was filled with Potassium Bromide. A gelatin solution with stirrer
was placed directly under the two burets.
By turning the stopcocks of both burets simultaneously, it was
attempted to maintain a millivolt output of 132 milli-volts. More
importantly, it was desired to see whether the chart recorder could
responde quickly enough to sudden fluctuations in millivoltage output.
While performing this experiment, the chart recorder deflected one way
as the millivolt level rose, and deflected the opposite way as the
millivolt level was decreased. This was fine, however, the deflections
were far too insensitive to indicate changes as small as +2 millivolt
changes during a precipitation. At this point it was concluded that
periodic millivolt readings would have to take place directly from the
pH meter in its millivolt mode.
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CALIBRATION OF ELECTRODES
In order to determine a calibration curve for the Bromide Specific
ion electrode, several Potassium Bromide solutions were prepared.
These solutions ranged from 10~^mkBr to lmkBr. Both the specific ion
electrode for Bromide and the Standard Calomel reference electrode were
immersed in each of the solutions. Millivolt readings were taken
directly from the pH meter in its millivolt mode. Several trials were
performed to obtain an average calibration curve. It turned out that
there was not that much difference between trials. The calibration
curve obtained appears as follows.
17
CALIBRATION CURVE FOR BROMIDE ION CONCENTRATION











DETERMINATION OF BROMIDE ION CONCENTRATION CORRESPONDING TO pAg
Three different levels of pAg concentration were selected because
of the known crystal habit produced from these values. At pAg =7.5
and pAg
= 8.5, cubic crystals should be produced, while at higher pAg
levels, approximately 9.5, octahedral crystal habit should appear. It
is purely on this basis that the above values were selected. This way
it can be seen that this apparatus is capable of producing both types
of crystal habits.
The actual Bromide ion concentration which will eventually
correspond to a millivolt value was computed as fol
For a pAg
= 8.5,





[Br-1 = ^e_ = 7.84 x
10~12
[Ag+3 3.2 x 10-9
where K,,, refers to the solubility product of Silver Bromide at
50C.
To determine the actual millivolt value necessary to maintain a
pAg =8.5, look on the
calibration curve for the specific ion electrode
for Bromide and find the [Br"] level corresponding with a value of
2.45 x M. Tracing through the curve, it will be found that this
[Br-] concentration corresponds with a particular value of 144 millivolts
It is this value which will be maintained during a precipitation. The
19
graph on page 20 shows the millivolt values corresponding to pAg values
of 7.5, 8.5 and 9.5. Below are the results in Table 1.
Table 1











DETERMINATION OF MILLIVOLTS CORRESPONDING TO BROMIDE












DETERMINATION OF MILLIVOLT RANGE
It would be virtually impossible to maintain a specific milli
voltage value throughout an entire precipitation. To alleviate this
predicament, Bromide ion or Millivolt ranges were determined for each
pAg value. These values were determined by taking the actual millivolt
needed to maintain a certain pAg, and giving that value an additional
+2 millivolt range. Since an average millivolt value would eventually
be calculated for each precipitation, this seems like the proper thing
to do.
Table 2 shows each pAg value with their respective millivolt and
Bromide ion ranges.
Table 2
PAg Bromide Ion Range Millivolt Range
7.5 2.48xl0"4M - 3.3xlO"4M 129-133
8.5 1.7xlO~3M - 3.4xlO~3M 142-146
9.5 2.0xlO"2M - 3.4xlO"2M 156-160
These corresponding Bromide ion concentration and millivolt ranges
come directly from the calibration curve. The following graph on
page 22 clearly displays these ranges.
22
MILLIVOLT RANGES CORRESPONDING TO pAg












Two 50 ml. burets, one with Potassium Bromide solution, and the
other with Silver Nitrate solution heated to 50 C were mounted side by
side in a buret stand. Both solutions were precipitated 1 ml . at a
time into a 3% gelatin solution. An initial millivolt reading was
taken of the stirred gelatin solution. Further millivolt readings
were made at 1 ml. intervals.
The purpose of this experiment was to determine whether the speci-
fice ion electrode for Bromide and the reference electrode were capable
of measuring small changes in millivoltage. It was
attempted to
maintain millivolt values corresponding to a pAg =7.5. This means
that the millivolt range desired would be between 129-133 millivolts.
As can be seen from the graph on page 24, there was quite a range
between the millivolt values obtained. There was some difficulty keeping
the millivolt values in the desired range. This could be directly
related to the stopcock of the burets. It is in either an on or off
position. The variability of the
distribution resulting from simulated
precipitation I was calculated to be 23.02 with a standard deviation
of 4.80. The mean for the simulated
precipitation fell slightly within
specifications with a value of
132.92. These results however are not






For this simulated precipitation, once again the 50 ml. burets were
filled with their respective solutions at a temperature of 50C. It
was desired to maintain a pAg = 7.5 for this precipitation. The
corresponding millivolt range is between 129 to 133 millivolts.
This precipitation is slightly different than that of simulated
precipitation I. In this experiment, after an initial millivolt
reading of the stirred gelatin solution, the Silver Nitrate side of the
buret will be set to allow a steady and as uniform as possible flow
rate. The Potassium Bromide side of the buret stand will be adjusted
manually to keep the mV range between 129 and 133.
Millivolt readings were taken at intervals of five seconds until the
entire 50 ml. of Silver Nitrate had precipitated. There were a total
of 74 millivolt readings as this simulated precipitation lasted a little
over six minutes.
A frequency histogram of the millivolt readings obtained can be
found on page 27. It can be seen that the average millivolt reading
turned out to be 131.73. This figure is well within the desired milli
volt range, and is very close to the optimum millivolt reading. There
still remains a high variability of 20.68 and an equally high standard
deviation of 4.55.
The encouraging results from simulated precipitations I and II
suggest that it is time to scale up the precipitation apparatus, and to
26
use the constructed apparatus which has been especially designed for
this experiment.
27











SCALED UP PRECIPITATION PROCEDURE
Prepare stock solutions as follows:
Gelatin Solution
Add nine (9) grams of inert bone gelatin to 300 ml. of distilled
water. Cold soak the gelatin for 15 minutes before heating to 50C.
Potassium Bromide Solution
Add 11.9 grams kBr to 1000 ml. of distilled water. Use only 500
ml. of this stock solution and save the remaining 500 ml. for the next
precipitation. Heat to 50C.
Silver Nitrate Solution
Add 16.987 grams of AgN03 crystals to 1000 ml. of distilled water.
Use only 500 ml. of this stock solution and save the remaining 500 ml.
for the next precipitation. Heat to 50 C.
1. Be sure that both sides of the apparatus have been clamped
tightly shut.
2. Once the solutions have reached their desired temperatures,
slowly pour the AgNO? and kBr solutions into their respective
separatory funnels situated above the rest of the apparatus.
3. Each side must be primed to get rid of any air that may have
entered the tubing and flowmeters. This is done by squeezing
a section of tubing located between the separatory funnel and
the first reducing adapter. Keep squeezing until no more
bubbles are visible.
4. Place the tubing from each side of the apparatus into separate
beakers. Remove the clamps, allowing the solutions to freely
flow into the beakers.
5. Open up both the flowmeters to
their maximum flow rates.
10.
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After the maximum flow rate has been maintained for at least
30 seconds, or until no more air bubbles can be seen, close the
metering valve until the desired flow rate and ball setting has
been set.
Clamp both sides shut with the large clamps making sure that
both solutions have completely stopped flowing.
Pour the solutions recovered in the beakers back into their
respective separatory funnels.
Place the stainless steel vessel (which will later hold the
gelatin solution) under the flowmeters and into the water bath.
Take the tubing from each side of the apparatus and secure them
with tape to opposite sides of the vessel. Be sure that the
tubes are mounted so that they are directed towards the center
of the vessel.
11. Take the specific ion electrode for Bromide and the Calomel
reference electrode and secure them inside the same vessel as
the other tubing. Be sure that the electrodes are centered in
between the other tubes, and that they will remain immersed once
the gelatin solution is poured into the vessel .
12. Lower the propellor and position it so that it is at the center
of the stainless steel vessel. Make sure that once the propellor
is turned on it will not hit the tubing or the electrodes.
13. Pour the gelatin solution into the stainless steel vessel and
plug in the stirring propellor.
14. Take an initial millivolt reading of the gelatin solution.
15. Make sure that tie timer is set and working properly.
16. Under safelight conditions, simultaneously release both clamps
at once. Check at once to determine whether the AgNO, is flowing
at the desired rate. Make whatever adjustments are necessary.
17. Adjust the flow rate of the kBr solution so that the millivolt
range required for the precipitation will be maintained.
18. If the millivolt values fall below the range, an increase in
the flow of kBr solution will be required. Likewise, if the
millivolt value exceeds the range, decrease the rate at which
the kBr is flowing.
19. Under no circumstances should the AgN03 solutions flow rate be
adjusted except to maintain the predetermined ball setting.
This steady flow will insure the
precipitation time selected.
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20. Be ready to add additional kBr solution to the kBr side of the
apparatus. This will depend on whether or not all 500 ml. of
kBr solution will be used. For higher pAg levels, more kBr
solution will be needed to maintain the higher millivolt values.
Plan accordingly.
21. Upon the completion of all the AgNO^ solution, immediately stop
the flow of kBr solution by clamping its tubing closed.
22. Allow Ostwald Ripening to take place at this point. Maintain
constant agitation and temperature for an additional 15 minutes.
23. Add 500 ml. of distilled water to act as a cleanser to the
precipitate. Simultaneously reduce the temperature to 30C by
adding ice to the water bath. This should take approximately
ten more minutes.
24. Add 15 grams of Callogen and continue the stirring for an
additional five minutes. This is a coagulation wash. Callogen
is made from a polymer of sulfonic acid. Its purpose is to
ionize the crystals formed so that they will remain in solution.
25. Add Sulfuric Acid (3N) drop by drop until the pH of the solution
falls between 3.2 and 3.0. Contine agitation for 15 minutes.
The sulfuric acide causes the Silver Bromide crystals to fall
out of solution, leaving the KN03 solution to be decanted off.
26. Stop the stirring and let the solution settle
for ten minutes.
27. Decant the KN03 solution, being very
careful not to pour out
any of the precipitate.
28. Collect the precipitate and store in a solution of
distilled
water until the sample is ready to be
prepared for the scanning
electron microscope study.
A total of 18 precipitations were performed.
A two factor x three
level, twice replicated factorial










As stated previously, a preliminary precipitation was performed
entirely under whitelight conditions, to prevent any problems
that
might occur later. This was purely informational, and the resulting
precipitate was not saved. The precipitation consisted for 20 minutes
at a pAg
= 7.5.
The 18 precipitations were selected to be run at random, by
listing all the different variables, and selecting
their order by
drawing from a hat. This will eliminate any biasing
due to the factors.
By replicating each precipitation variables,





The following table is a listing of all 18 precipitations, the
number by which they are labeled, flow rates, ball settings, precipi











1A 25.00 20 14 9.5 150-160
2B 8.33 60 7 9.5 150-160
3C 16.66 30 11 9.5 156-160
4B 8.33 60 7 9.5 156-160
5D 16.66 30 11 8.5 142-146
6E 16.66 30 11 7.5 129-133
7F 25.00 20 14 7.5 129-133
8D 16.66 30 11 8.5
142-146
9G 8.33 60 7 7.5
129-133
10G 8.33 60 7
7.5 129-133
11H 25.00 20 14
8.5 142-146


















An enzymatic washing method has been used in which the bulk
gelatin is hydrolysed and silver halide crystals, surrounded by a
protective gelatin envelope, are precipitated. This procedure will
allow grain size and crystal morphological details to be examined
easier.
The silver halide crystals separate from the gelatin and settle.
The degraded gelatin is removed by centrifugation (2500 r.p.m.) accom
panied by washing. Five such wash treatments are adequate to remove
all the water soluble component.
A small amount of emulsion curds were added to a continuously
stirred solution of 30 ml. distilled water containing 1 gram of
Trypsin
enzyme. The solution is heated to 40C. and allowed to react
for 20
minutes. About 6 ml . of this hydrolysed solution are
poured into a
centrifuge tube, where the
centrifugation and washing procedures take
place.
After the final washing, drops of a
dilute solution are placed on
a glass cover slide which has previously
been mounted by double stick
tape to an aluminum stud. This
aluminum stud is then placed in an oven
at 27C. until dry.
Upon drying, the aluminum stud is
placed in a Polaron E5100 Series
II Sputter Coater, where a thin layer
of gold evaporated over
the
specimen. This greatly reduces
the chances of the specimen
to
34
accumulate charging while under the electron beam. The operating
procedure for the Sputter Coater are contained in the appendix.
35
PRECIPITATION OBSERVATIONS
The first precipitation (#0) was conducted under whitelight con
ditions. An initial millivolt reading of the gelatin solution was found
to be 121 mV. In order to maintain a pAg = 9.5, a millivolt range of
156-160 mV was required.
The kBr side of the apparatus was opened up entirely by the metering
valve. The AgN03 side flowed at the desired ball setting of seven.
Unfortunately, even with the kBr side opened up all the way, the highest
millivolt value obtained was 157 mV.
At this point, it was determined that the AgNO, side of the appara
tus would allow higher flow rates than that of the kBr side. To remedy
this problem, both sides of the apparatus were thoroughly cleaned out,
and switched. This was possible because the kBr side (now the AgN03
side) had no problem obtaining a ball setting of 14. This was the
maximum flow rate ihat would ever be needed for that side of the apparatus.
Precipitation #1 faired a little better than the preliminary. At
the beginning of the precipitation, the kBr side was once again opened
the entire way to allow the millivolts to quickly climb up to the
desired level. This level was not obtained until three minutes was
surpassed. Once at this level, the millivolts continued to climb, and
exceeded the range. The flow rate of the kBr was reduced quickly to
correct this problem. Throughout the rest of the experiment however,
the millivolts fluctuated in and out of the desired range.
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In precipitation #2, the millivolt level was within specifications
after 30 seconds, but continued to climb to 162 millivolts. After
compensating by decreasing the flow of the kBr solution, the rest of
the precipitation went very smoothly. The flow rate of the AgN03
apparently was set too fast, since the precipitation lasted 54 1/2
minutes instead of 60.
Precipitation #3 had some difficulty getting into control. It took
about seven minutes before the millivolt level would stay within the
millivolt specifications. The problem occurs when the. kBr side is
opened all the way initially. In an effort to quickly get the millivolt
level into specifications, an overshooting occurs where the level of
pAg reaches an equivalency point similar to an endpoint of a titration.
This causes the silver ion concentration to either increase or decrease
very rapidly.
Precipitation #4 ran as perfectly as could be expected. Instead
of opening the kBr side all the way, it was opened at the same rate as
the AgN03 side. Using this method took a little longer to get in control,
but once there, it was easier to maintain.
In precipitation #5, the millivolt level overshot the desired range.
Upon reducing the flow rate of the kBr side, the millivolt level slowly
fell with control. Periodically the millivolt level fell out of
specification, but never for a substantial amount of time. The flow of
AgN03 was off quite a bit during this precipitation. Apparently air
bubbles caused the reduction of flow since it took about 40 minutes
before the AgN03 ran out for a 30 minute
precipitation. It was
37
unfortunate that this sample had to be discarded because the pH was
not adjusted properly to allow the silver bromide crystals to fall out
of solution. It was later repeated.
Air bubble problems encountered during precipitation #6 can be
blamed for the millivolt level to initially go out of control. Tapping
the glass colum in which the teflon ball is contained will sometimes
cause the air bubbles to pass on through the system. After about 7 1/2
minutes, the millivolt level was finally brought under control. The
level more or less remained in control for 26 1/2 minutes, which was
when the AgN03 subsided. There still appears to be problems with the
flow rate of AgNO*.
Once again air bubble problem in precipitation #7 were the cause
of not getting into control until three minutes had passed. The rest
of the precipitation saw the millivolt level drift in and out of
control. The AgN03 ran out only 1/2 minute early.
Precipitation #8 was a failure from the start. Air bubble problems
caused the kBr solution to hardly flow at all. The millivolt level
quickly dropped below 100. It was immediately decided to
disregard the
data from this experiment, but use it more as a learning experience for
future precipitations. Apparently, the kBr side had not been primed
properly prior to the beginning of the
precipitation. Extra care will
be taken in future precipitations. It also appears that the heat
from
the flow of solutions has caused some deterioration
in the seals of the




Time was set aside while the entire apparatus underwent a resealing.
This ended up taking a few hours, and then the seals had to dry over
night. The rest of the precipitations were carried out at a later time.
A repeat of precipitation #5 proved to be quite successful. The
millivolt level was in control after 30 seconds, and remained that way
for the entire 33 1/2 minutes. The flow rate cf the AgN03 was again
slower than what it should have been.
Precipitation #8 was also repeated, since last time there were
severe air bubble problems. This time however, everything went quite
smoothly. The millivolt level remained in control for 32 minutes.
This was only two minutes longer than desired.
Precipitation #9 did not run as smoothly as the previous two.
It was difficult to keep the millivolts in control. The level kept
exceeding the desired range. It took about two minutes to maintain a
proper millivolt level. Air bubbles were once again related to this
problem.
Precipitation #10 experienced the same type of problems as in
precipitation #9. The seals of the apparatus were resealed once again
in hopes that the problem would stop.
Precipitation #11 ran much smoother than the previous two precipi
tations however, the AgNO, ran out four minutes early.
Precipitation #12 ran quite smoothly. The millivolt level was
quickly brought under control.
Once again the flow of AgN03 was
hampered
by air bubbles causing a reduction in its
flow rate. The AgN03 didn't
run out until 36 minutes in a 30 minute precipitation.
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The millivolt level remain in control throughout precipitation
#13, but the AgN03 finished three minutes early.
In precipitation #14, the millivolt level oscillated from the
maximum to the minimum limits, but remained in control throughout the
entire precipitation. The AgN03 rate was adjusted initially to hopefully
allow a more accurate precipitation time. It had worked since the rate
was off by only one minute.
Precipitation #15 ran perfectly in control over a 55 minute period.
Some air bubble problems were experienced in the AgN03 resulting in the
five minutes off in precipitation time.
Precipitation #16 ran as well as the previous one. The AgN03 side
still flowed a bit slow, resulting in a 55 1/2 minute precipitation
instead of the desired 60 minutes.
Precipitation #17 ran almost exactly at the median of the millivolt
range. Some air bubbles in the AgN03 side caused a two minute 40 second
excess in precipitation time .
The final precipitation, #18 went off as well as could be expected.
The millivolt level remained in control for the entire precipitation,
but the AgN03 once again
had run out early.
39
CONCLUSION
Using the test of sample against standard, it can be seen that
initially the apparatus was not capable of maintaiiing a desired milli
volt level. As more experience at working with the apparatus was
attained, it became easier to maintain the millivolt ranges. As with
any other precisely working instrument, experience of the operator
will increase the reproducability of an experiment.
As I became more and more familiar with how sensitive the flow
rates were during a precipitation, the obtained means were becoming
closer to the desired means. This can be seen in Appendix B. In the
graph of |t| vs. Precipitation number, it may also be seen that as
more precipitations were performed, the smaller |t| values occurred.
This indicates that the student t values were getting closer and closer
to being accepted as if there was statistically no difference
between
the obtained and desired mean values. With a 95% confidence limit or
an a= 0.Q5, any |t| value less than or equal to 1.96 is considered to
be equal to the desired value.
Although only 8 out of 18
precipitations indicate that their pAg
level was maintained properly, 6 out of the last 10
indicate much
better results. Again, I feel that these results clearly
indicate that





Concerning the Scanning Electron Microscopy Study, there still
remains some problems. Upon viewing the samples under the microscope,
it was very difficult to distinguish crystals. The enzymatic hydrolysis
procedure had been performed precisely as other researchers had, but
failed to hydrolyse all the gelatin into amino acids.
Some samples were better than others, and a few micrographics were
able to be mads. Of these, you can clearly distinguish cubic crystals,
but have a somewhat harder time recognizing an octahedral shaped
crystal. See Appendix C for these micrographs.
The size of the crystals obtained also appear to be much larger
17
than anticipated. Other researchers have been able to obtain final
crystal edge lengths on the order of .1 ym whereas the crystals
obtained with this apparatus on the order of 1 ym. This may be
accounted by the type of agitation used. If a more powerful, radial -
flow turbine had been used, possibly the crystal size would have been
reduced .
There remains more work to be done on this particular project.
Unfortunately time restraints have caused this project to end long
before I was completely satisfed with the results. Much more research
needs to be directed towards the speciment preparation of precipitation
curds. Most of the literature on enzymatic hydrolysis only speaks of
removing the gelatin matrix from an already coated piece of
film.
There are perhaps great differences in specimen preparation that need













single twin double twin (twinned slab)
double twin ([411] twin) double twin ([221] twin) double twin ([411] twin)
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TEST OF SAMPLE AGAINST STANDARD, T UNKNOWN
With the data obtained from the 18 precipitations, it is desired
to see whether the millivolt range was maintained for each precipita
tion. The following calculations were performed in the order that the
precipitations were produced. An a= .05 was used.
Precipitation #1
H0




= P / ^0






Reject the null. The obtained mean of Precipitation #1 was not the










t = 158.57 - 158
1.486/^109
" 4-
Reject the null. The obtained mean
of Precipitation $2 was not the same
















Reject the null. The obtained mean of Precipitation #3 was not the








H-. = V-t yr1
"
^0
t = 158.14 - 158
1.502//7L20
UZ
Accept the null. There is no significant difference between the mean















Reject the null. There is a significant difference between that of












Reject the null. There is a difference between that of the obtained









t = 143.75 - 144
= g7
1.268//100
I will just barely accept the null hypothesis. There is no significant













Reject the null. There is significant difference between that of the
obtained and desired means in Precipitation #8.
Precipitation #9
HQ
= y o yQ
= 131
Hl =** vo
t = 130.0 - 131
2.651//99
~ 3'75
Reject the null. There is significant difference
between the obtained









t = 131.23 - 131
_
q.
2. 453/ /l 01
Accept the null. There is no significant difference between that of






H, = P / P1 0
t = 144.0 - 144
1.334//111
~
Accept the null. There is no significant difference between that of





t - 131.43 - 131
= 2 09
2.101//105
Reject the null. There is a difference between that of the obtained
and desired means in Precipitation #12.
Precipitation #13
^










Reject the null. There is a difference between that of the obtained







= y * y0




Accept the null. There is no significant difference between that of
the obtained and desired means in Precipitation #14.
Precipitation #15
HQ




t = 144.15 - 144
1.422/ /111
-11
Accept the null. There is no significant difference between the obtained
and desired means in Precipitation #15.
Precipitation #16
HQ
= y = y0
= 144
H:
= y t y0




Accept the null. There is no significant difference between the
















Accept the null. There is no significant difference between the











t = 157.15 - 158
3.063//72
_2'35
Reject the null. There is a difference between the obtained and




Listing of Samples as They Were Precipitated.
Acceptance or Rejection at a levels of
0.05 and 0.10. Absolute Value of Student t Values
Accept/Reject Accept/Reject
Sample No. a = .05 a = .10 hi
1 Reject Reject 3.15
2 Reject Reject 4.00
3 Reject Reject 5.72
4 Accept Accept 1.02
6 Reject Reject 5.21
7 Reject Reject 2.97
5 Accept Reject 1.97
8 Reject Rej ect 3.79
9 Rej ect Reject 3.75
10 Accept Accept .94
11 Accept Accept 0
12 Rej ect Reject 2.09
13 Reject Reject 2.22
14 Accept Accept .78
15 Accept Accept 1.11
16 Accept Accept .55
17 Accept Accept 1.59




ANOVA TEST TO DETERMINE WHETHER THERE IS A CORRELATION BETWEEN
MAINTAINING A MILLIVOLT RANGE AND PRECIPITATION TIME USED
Precipitation Replicates
Conditions Jf 2 Totals
pAg
= 7.5, 20 minutes 135.57 131.43 267.00
pAg
= 7.5, 30 minutes 129.04 131.18 260.22
pAg




















SSE = SST - SSR = 24.996
- 13.380 = 11.616
Siom of
Source Squares Mean Square F
Test






evidence from this test that there is a
difference
in maintaining a
millivolt range between 129-133 mV
and on how long a







= 8.5, 20 minutes 143.75 143.45 287.20
pAg
= 8.5, 30 minutes 143.24 144.00 287.24
pAg










+ (144. 15) 2] - C862.66)2
6
SST = .6707
SSR = 1 [(287. 20)
2










Squares Mean Square F Test






There is insufficient evidence from this test that there is a difference
in maintaining a millivolt range between 142-146 mV and on how long a




= 9.5, 20 minutes
pAg
= 9.5, 30 minutes
pAg















































There is insufficient evidence from this test that there is a difference
in maintaining a millivolt range between 156-160 mV and on how long a
precipitation time is used.
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(Figure 30) Scanning Electron Micrograph of
Sample Precipitation Number 5. Cubic Crystal




(Figure 31) Scanning Electron Micrograph
of Sample Precipitation Number 15. Cubic
Crystal Approximately 1.4 ym. 9800 X,
45 Tilt Angle.
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(Figure 32) Scanning Electron Micrograph
of Sample Precipitation Number 4. Octa





CFigure 33) Scanning Electron Micrograph, of







OPERATION OF POLARON E5100 SERIES II SPUTTER COATER
1. Check argon gas supply.
a. main tank valve open.
b. pressure-reducing valve set at 5 psi.
c. outlet valve open Ccounter-clockwise)
d. argonleak valve (on front of sputter coater) closed.
2. Set timer to zero.
3. Place specimens in holder and place holder onto stage.
4. Turn operation switch to "pump" and turn on pump with external
switch on pump housing.
5. When pressure in chamber is below 0.1 Torr, open argon leak valve
and flush, chamber with argon for 10 seconds (vacuum meter should
read approximately 1 Torr during flushing) .
6. Close argon leak valve.
7. When vacuum is below 0.07 Torr, repeat flushing for 10 seconds.
Close leak valve.
8. Allow vacuum to reach 0.02 to 0.05 Torr.
9. Wait 4 to 5 minutes for specimen chamber to reach thermal equili
brium at around 5 C.
10. Make sure kV knob is fully counter-clockwise.
11. Turn operation switch to "set
HT."
12. Turn kV knob to 2.5 and adjust argon leak valve carefully to give
the desired mA reading.
13. Turn operation switch, to
"mode."
14. Set timer to desired coating time.
15. Press timer button.
16. High voltage will shut off when timer
reaches zero.
17. Turn kV knob fully counter-clockwise.
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18. Turn operation switch to
"off."
19. Open argon leak valve and shut off pump switch on pump houa_ng.
20. Vent with argon for two to three minutes to prevent oxidation of
gold target.
21. Close argon leak valve and complete venting of chamber using air
valve on top of chamber.
22. Open chamber and remove specimens.
23. Close chamber.
24. Close main tank valve on argon gas supply.
25. Turn on external pump switch, and pump chamber










Figure 35 Micrometer Valve
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Figure 36 Gelatin Solution Vessel, With
Mixing Propellor, AgN03 and kBr Tubing,
Bromide Ion Electrode, and Reference Electrode
94
Figure 37 Entire Assembled Apparatus for
Gravity Controlled pAg Double-Jet Precipitations
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